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Abstract
Costa and Matsas claimed in their recent paper that a thermal bath does not
affect substantially the transition probability for fast moving inertial Unruh
detector. It is shown that their claim holds only for small β∆E. We show
that, for large enough β∆E, the transition probability is not monotonically
decreasing function of the detector’s speed contrary to their claim.
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In a recent paper [1], Costa and Matsas investigated the background thermal contri-
butions in Unruh effect [2]. They claimed that the faster a particle detector moves in a
background thermal bath, the less the detector interacts with the bath and concluded that
the thermal bath does not affect substantially the transition probability of the detector.
Their claim is based on the following observation. Time dilation induces a fast moving
detector to interacts preferentially with low energy modes. Although a thermal bath is rich
of low frequency modes, the phase space volume element (∝ ω2dω) suppresses the infrared
contributions.
In this comment we will show that their claim is true when β∆E is comparatively small,
where β = 1/kT and ∆E = E−E0 is the energy difference of two level detector. When β∆E
is large enough, background thermal contribution would be dominant for the fast moving
detector. In order to show this let us start with Eq.(6) of Ref.[1]
Pexc
T tot
=
c20
√
1− v2
4pivβ
ln
[
1− e−β∆E
√
1+v/
√
1−v
1− e−β∆E√1−v/√1+v
]
, (1)
where Pexc/T tot is the total transition rate per total proper time T tot of the detector. As
commented in Ref. [1] the v → 0 limit of Eq.(1) recovers the Planckian spectrum
lim
v→0
Pexc
T tot
=
c20
2pi
∆E
eβ∆E − 1 . (2)
The v-dependence of Pexc/T tot is shown in Fig.1 for various values of β∆E [3]. From Fig.1
one can see that for large enough β∆E, there always exists a speed vm such that the transi-
tion probability is maximized if the detector moves with that speed. Numerical calculation
provides that the condition for the existence of vm is β∆E ≥ 2.593. The appearance of
peaks in Fig. 1 means that the phase space volume element does not completely suppress
the infrared contributions when β∆E is large enough. So the claim of Ref. [1] is correct only
when β∆E < 2.593, but is incorrect for β∆E ≥ 2.593. Table I shows that vm approaches to
the speed of light as β∆E increases. Therefore, for large enough β∆E, the transition prob-
ability is not monotonically decreasing function of v contrary to their claim. In addition,
from Eq.(2) one can understand that the spectral density ( (∆E)2Pexc/T tot) is a Doppler
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effect of Planckian spectrum. This is plotted in Fig.2 for various values of v. As the speed of
the detector increases, the peak becomes higher and moves to right as shown in Fig.2. Note
the similarity between Fig. 2 and the conventional Planck distribution. In conventional
Planck distribution, which corresponds to v = 0 for our case, the peak shifts to the right as
the temperature increases. Fig. 2 shows the same phenomena as velocity increases. This is
because the relativistic temperature depends on v as
β ∝
√
1− v
1 + v
, (3)
which is discussed in Chapter 4 of Ref. [4].
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FIG. 1. v dependence of excitation rate for various β∆E
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FIG. 2. Energy dependence of spectral density for various speeds
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TABLES
TABLE I. Numerical values of vm for selected β∆E
β∆E 4 6 8 10 20
vm 0.926059 0.971074 0.984319 0.990125 0.997582
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